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TITLE OF THE INVENTION 

Electronic Component and Method and Structure for Mounting 

Semiconductor Device 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to electronic components such as 
semiconductor device and substrate that can densely be mounted with a 
highly reUable connection and further relates to a method and a structure 
for mounting semiconductor devices. 
10 Description of the Background Art 
=P In recent years, with increasing requirements for reduction in size 

41 and weight of electronic equipment and devices represented by ceUular 

p phone and mobile data equipment, semiconductor devices have been 

% reduced in size and increased in density. Mounting structures are 

4' 15 accordingly proposed, with the purpose of achieving smaller size and higher 
p density of semiconductor devices, such as bare-chip mounting structure 

H having an LSI chip directly mounted on a circuit board as well as so-caUed 

chip size package (CSP) structure with the entire size reduced by forming a 
p semiconductor device as close as possible in shape to an LSI chip. In order 

20 to accomplish such a high mounting-density, a structure is employed where 
connection materials are arranged on one side of a semiconductor device. 

In the mounting structures as described above, there is a difference 
in thermal expansion coefficient between the bare chip or CSP and a circuit 
board on which the bare chip or CSP is mounted. In a mounting process, a 
25 thermal stress generated at the connecting portion therebetween causes a 
thermal strain. The thermal strain leads to metal fatigue of connection 
materials so that cracks are generated in the connection materials which are 
consequently broken, possibly resulting in a malfunction of electronic 
components. This problem is serious since it becomes difficult, with the 
30 reduction in size and weight as well as increase in integration and pin 
number of semiconductor devices, to provide a satisfactory structure for 
alleviating the thermal stress that is enough to prevent the connection 
materials from breaking. 
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Fig. 13 shows a conventional CSP mounting structure. Referring to 
Fig. 13, a semiconductor device 105 is connected to a substrate 106 via 
connection materials 113. When a thermal stress is repeatedly exerted on 
the mounting structure, a crack 130 is produced in connection material 113 
at a site closer to an electrode of semiconductor device 105 as shown in an 
enlarged cross sectional view of Fig. 14. Referring to Fig. 14, crack 130 
runs to cross connection material 113. In the structure having the 
substrate on which components are mounted with a good solder connection 
and an optimized electrode design, the crack appears in the electrode 
opening as shown in Fig. 14 resulting in rupture. In other wards, it is seen 
that the maximum stress concentration occurs in the electrode opening due 
to the repeated thermal stress after mounting, and consequently the crack is 
opened. It is noted that the electrode of the semiconductor device for which 
the connection material is provided is an external electrode and is herein 
referred to simply as "electrode." In some cases, a component consisting of 
a connection material and an electrode may be herein referred to as external 
electrode. 

In order to address the problem discussed above, it is proposed in 
Japanese Patent Laying-Open No. 10-173006 to use a composite ball as a 
connection material between a semiconductor device and a substrate, the 
composite ball containing a resin ball with a low modulus of elasticity. The 
resin ball within the composite ball can alleviate the thermal stress caused 
by the difference of thermal expansion coefficient between the 
semiconductor device and the substrate, and accordingly enhance the 
rehability of the connecting portion. 

The composite ball is also proposed in Japanese Patent Laying-Open 
No. 7-45664 disclosing that balls of different types are arranged in 
respective connection materials of external electrodes. The balls of 
different t5^es can thus be arranged to remarkably decrease the number of 
processes such as soldering process. It is further proposed in Japanese 
Patent Laying-Open No. 8-213400 that a ball of a low modulus of elasticity 
is provided in a connection material of an external electrode. According to 
this,' a force exerted on a connecting portion in a bonding process is absorbed 



by the ball of the low elastic modulus in the connection material of the 
external electrode to prevent a crack from opening in the connection 
material of the external electrode. 

These methods are proposed for enhancing the reliability of the 
connecting portion in the mounting structure while they have a problem as 
described below. Fig. 15 is a cross sectional view of a conventional 
connecting portion of a mounting structure. Referring to Fig. 15, an 
electrode 104 of a semiconductor chip 105 is electrically connected to a 
connection terminal 107 of a circuit board 106 via a conductor 102 covering a 
resin ball 10 1. Short circuit between electrode 104 on semiconductor chip 
105 and an adjacent electrode or the hke is prevented by a protection £Qm 
125. With a similar purpose, a protection film 126 of circuit board 106 is 
provided. When this mounting structure is applied for use, a repeated 
thermal stress causes a crack 130 running along the interface between resin 
ball 101 and conductor 102 that constitute a composite connection material 
as shown in Fig. 16. In the mounting structure merely including the resin 
ball of a low modulus of elasticity in the connection material, the crack as 
shown in Fig. 16 is generated. It is confirmed through experiments by the 
inventors of the present invention that the lifetime of this structure is 
shorter than any structure without resin ball. In the mounting structure as 
shown in Fig. 16, the stress concentrates on a surface where different 
materials meet, namely on and around the interface between the resin ball 
of the low elastic modulus and the metal (conductor). The resin and metal 
are joined in this region which is accordingly mechanically weak. If the 
metal on the surface of the resin baU has a multi-layer structure, diffusion 
between the metal layers produces a brittle inter-metaLic compound on the 
interface. Due to such a mechanically weak region, a crack is opened at an 
early stage. 

As shown in Fig. 17, if an electrode on a substrate and the external 
electrode mentioned above are mounted without a sufficient alignment with 
each other, the semiconductor device and substrate are connected with a 
positional deviation with respect to each other. Consequently, resin ball 
10 1 of the low elastic modulus in the connection material connecting 



electrodes 104 and 107 cannot be covered uniformly with metal (conductor) 
102 as seen in the region indicated by D in Fig. 17. Then, if a certain force 
is exerted on the connection material, the stress concentrates on the 
thinnest portion of the conductor covering the resin ball and thus a crack is 
generated at an early stage. Here, it is supposed that a resin baU is used 
for an electrode of a CSP of 0.8 mm pitch which is mounted on a substrate. 
In this case, a crack is produced when the center of an electrode of a 
semiconductor device and that of an electrode of the substrate are deviated 
from each other by at least 100 nm, since the resin baU cannot be covered 
uniformly with the conductor. Consequently, a failure occurs at an early 
stage. 

Moreover, if aU connection materials for electrodes of the 
semiconductor device are composite connection materials each formed of a 
resin baU and a conductor, the semiconductor device could not be mounted 
on the substrate with a high precision, which leads to an inconvenience as 
described below. Specifically, the electrodes of the semiconductor device 
and those of the substrate are connected by the connection materials, and 
the amount of conductors around resin baUs is insufficient so that there is 
an insufficient self-alignment effect which moves the electrode center of the 
semiconductor device to allow it to correspond to the electrode center of the 
substrate. This is because the self- alignment effect is produced from the 
surface tension or the like of the conductors. Accordingly, the early-stage 
crack mentioned above is likely to occur. 
SUMMARY OF THE INVENTION 

One object of the present invention is to provide an electronic 
component including a composite connection material containing a resin ball 
therein for improving connection reliability, the electronic component 
having an electrode structure to increase an allowable positional deviation 

in a mounting process, and further to provide a method and a structure for 

mounting a semiconductor device. 

A semiconductor device accordujff to the present invention is an 

electronic component including, on eC^trodes, a plurality of connection 

materials connected to another ele(^onic component. The connection 



materials include a composite connection material formed of a core and a 
conductor covering the core, the core haj^^Cg^^^a low modulus of elasticity at 
room temperature smaller than aiigk^w modulus of elasticity of the 
conductor at room temperature^^d include a single-layer connection 
material formed of a conducts. 

When the composite and single-layer connection materials are 
arranged as connection materials of the electronic component, the electrodes 
of the semiconductor device (electronic component) can accurately be 
arranged on corresponding electrodes of a substrate by a self-alignment 
function which is mainly of the conductor of the single-layer connection 
material even if the electrodes of the semiconductor device (electronic 
component) and those of the substrate are not aligned in a mounting process 
of the electronic component in a mounting structure. Moreover, the smaller 
a low modulus of elasticity of the core in the composite connection material 
increases the deformability of the composite connection material. 
Therefore, it becomes unlikely that any crack is opened due to a repeated 
stress and thus the resistance to the repeated stress is enhanced. Then, 
composite connection materials can be arranged in an area where the stress 
concentrates so that the concentrated stress can be alleviated to prevent 
cracking. 

Although the electronic component herein refers mainly to 
semiconductor device and substrate, the electronic component is not limited 
to the semiconductor device and substrate. A semiconductor device is a 
device including a semiconductor chip and accordingly, a mounting 
structure of a semiconductor device having been mounted on a substrate is 
also called semiconductor device. For the sake of convenience of description 
below, one electronic component is referred to as a semiconductor device and 
the other electronic component is referred to as a substrate. 

For the electronic component according to the present invention, 
preferably the composite connection material is placed on an electrode 
among electrodes arranged in an electrode region of the electronic 
component, that electrode being located in an area where a relatively 
greater stress is likely to be exerted than a stress exerted on another area of 



the electrode region, and the single-layer connection material is placed on an 
electrode in that another area. 

Such an arrangement can relieve the stress imposed on the 
connecting portion between the semiconductor device and substrate. 
Accordingly, the endurance in a heat cycle can be improved. Moreover, it is 
possible to obtain the self- alignment function chiefly from the single-layer 

connection material. 

For the electronic component of the present invention, preferably the 
composite connection material is placed on an electrode in an area inside 
and along the perimeter of the electronic component and the single-layer 
connection material is placed on an electrode in an area other than that 
perimeter area, for example. In the mounting structure, it often occurs that 
an external stress is repeatedly exerted chiefly on the perimeter area of the 
semiconductor device (electronic component) to cause a crack in a connection 
material placed in the perimeter area. As discussed above, the composite 
connection material including a core made of an elastic body for example is 
placed in the perimeter area so as to provide the endurance to the repeated 
external stress. In addition, the self- alignment function is available chiefly 
from the surface tension of the single-layer connection material. 

For the electronic component of the present invention, preferably the 
composite connection material is placed on an electrode among electrodes 
arranged in an electrode region of the electronic component, that electrode 
being located in a corner area of the electrode region, and the single-layer 
connection material is placed on an electrode located in an area other than 
the corner area. 

In particular, the repeated stress remarkably concentrates at the 
corner area. Then, the composite connection material can be provided to 
the corner area to prevent cracks from occurring. 

For the electronic component of the present invention, the ratio in 
number of the composite connection material to aU connection materials 
may be from 10 % to 90 % for example. 

If the ratio of the composite connection material is less than 10 %, it 
is impossible to reduce the probability of occurrence of a crack in the single- 



layer connection material. If the ratio of the composite connection material 
exceeds 90 %, a sufficient self-alignment function of the single-layer 
connection material is unavailable. Therefore, the endurance to the 
repeated stress deteriorates if the ratio is lower than 10 % or higher than 
5 90 %. 

In most cases, the electronic component of the present invention is 
an electronic component including a semiconductor chip and another 
electronic component is a substrate, or the former is a substrate and the 
latter is an electronic component including a semiconductor chip. Such a 
10 combination of the electronic components can be used to obtain a mounting 
structure of a semiconductor device having endurance to the repeated 
thermal stress and a high connection reliability. 

According to the present invention, a method is provided of 

w m ^ 

rj mounting a semiconductor device on a substrate, the semiconductor device 

15 including, on an electrode, a composite connection material formed of a core 
and a conductor covering the core. The method includes the step of forming 
an auxiliary connection part in contact with the upper side of an electrode of 
the substrate, the auxiliary connection part being formed of a low melting- 
point conductor having a melting point of at most a melting point of the 
^""^ 20 conductor covering the core, and the step of matching respective positions of 

the auxiliary connection part and the composite connection material to bring 
into contact the auxiliary connection part and the composite connection 
material, and heating to connect the auxiliary connection part and the 
composite connection material. 
25 According to the method of mounting the semiconductor device with 

the composite connection material, the auxiliary connection part is first 
formed on the electrode of the substrate by using the low melting-point 
conductor. The auxiliary connection part is then melted in a mounting 
process so that the surface tension or the like of the connection part can 
30 provide the self-alignment function. 

Preferably, according to the method of mounting a semiconductor 
device of the present invention, in the process of raising the temperature to 
heat' and connect the auxiliary connection part and composite connection 
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material, they are heated to melt the auxiliary connection part first and 
thereafter melt the conductor covering the core. In this way, the auxiliary 
connection part is melted at a temperature lower than the temperature at 
which any portion of the composite connection material is melted so that the 
self-ahgnment function can be obtained. Consequently, the semiconductor 
device is never mounted in a positionally deviated state and the endurance 
to the repeated stress can be enhanced. 

According to the method of mounting a semiconductor device of the 
present invention, the auxiliary connection part may be formed of a low 
melting-point conductor in the state of paste for example. The auxiliary 
connection part can thus be formed readily on the electrode of the substrate. 
The low melting-point conductor of paste is melted at a lowest temperature 
in a mounting process to exercise the self-alignment function. Accordingly, 
it is possible to prevent the semiconductor device and substrate from being 
mounted in a positionally deviated state. 

Preferably, according to the method of mounting a semiconductor 
device of the present invention, the low melting-point conductor is an alloy 
based on Sn for example. The Sn-based alloy can be used for the auxiliary 
connection part to allow itself to surely wet the conductor forming the 
surface layer of the composite connection material in a mounting process. 
In this way, the elastic body of the core is positioned appropriately for stress 
alleviation after the mounting process so that the endurance to the repeated 
stress can be improved. 

Preferably, according to the method of mounting a semiconductor 
device of the present invention, the auxiliary connection part on the 
electrode of the substrate is greater in volume than the conductor of the 
composite connection material on the electrode of the semiconductor device. 

Then, the amount of melted auxiliary connection part is enough to 
provide a satisfactory self-ahgnment function in a mounting process. 
Accordingly, the elastic body moves to a position appropriate for stress 
alleviation and connected there so that the mounting structure of the 
semiconductor device can be highly resistant to the repeated stress. 

A method is provided of mounting a semiconductor device according 



to another aspect of the present invention, to mount, on a substrate, the 
semiconductor device having on an electrode a composite connection 
material formed of a core and a conductor covering the core. Preferably, the 
conductor covering the core is formed to have a thickness in a predetermined 
range so that the conductor melted in a mounting process is present between 
the core and an electrode of the substrate to prevent the core from contacting 
the electrode of the substrate. 

Here, the thickness of the conductor covering the core is explained. 
For a CSP of 0.8 mm pitch, a conventional resin ball and a resin core therein 
are respectively 440 |im and 413 yim in diameter, which means that the half 
of the difference of 27 |am therebetween, namely 13.5 |am corresponds to the 
average thickness of the conductor. In usual, the mounting process 
employs solder paste. When solder corresponding in volume to the solder 
paste is added to the resin ball, the diameter of the resin ball becomes 
approximately 530 M-m and thus there is a diameter increase of 90 ^m 
compared with the diameter of the resin ball only. If the thickness of the 
conductor is further increased, a problem could occur in terms of contact 
between resin balls adjacent to each other. For the CSP of 0.8 mm pitch, 
the distance between respective centers of adjacent resin balls is 800 ^m and 
the diameter of the resin ball is 440 |am and thus a margin of 360 |im is left 
therebetween for avoiding contact of these balls. If the diameter of the 
resin ball is 800 nm, resin baUs adjacent to each other contact. If the 
diameter of the resin ball is 750 ^m, solder is melted to increase the width 
thereof due to the own weight of the device. Then it is highly possible that 
the solder is brought into contact with an adjacent solder. In view of this, 
the thickness of the conductor of the resin ball may be in the range from 
approximately 40 |am to 150 |xm, for the 0.8 mm CSP so as to prevent contact 
between solders adjacent to each other and connect the semiconductor device 
and substrate in a self-aligned manner without contact of the core with the 
electrode. Therefore, the predetermined range of the thickness of the 
conductor covering the core is preferably from approximately 40 [im to 150 
|am. 

According to the mounting method, without auxiLLary connection 



part provided to the substrate, the seK-alignment function is available from 
the surface tension of the sufEcient amount of melted conductor even if 
respective positions of the semiconductor device and substrate do not match 
to some extent. Consequently, an allowable positional deviation between 
the semiconductor device and substrate increases and a highly rehable 
mounting structure of the semiconductor device is achieved. 

According to a first aspect of a mounting structure for mounting a 
semiconductor device of the present invention, the semiconductor device is 
connected to a substrate via a plurality of connection materials. The 
connection materials are constituted of a first type of connection material 
formed of a core and a conductor covering the core and a second type of 
connection material formed of a conductor. 

In a process of forming the mounting structure, even if respective 
electrodes of the semiconductor device and substrate are not aligned, the 
self-ahgnment function chiefly of the conductor of the single-layer 
connection material allows electrodes of the semiconductor device to be 
arranged accurately on electrodes of the substrate. For the composite 
connection material, the a low modulus of elasticity or the like of the core 
can appropriately be selected to alleviate stress concentration and prevent 
cracks by providing the composite connection material in an area where the 
stress concentrates, for example. It is thus necessary that the a low 
modulus of elasticity or the like of the core in an appropriate range is 
selected to allow the composite connection material to be placed in such an 
area in order to alleviate stress concentration. 

According to a second aspect of the mounting structure for mounting 
a semiconductor device of the present invention, the semiconductor device is 
connected to a substrate via a composite connection material formed of a 
core and a conductor covering the core. The connection material has a 
substrate contact portion contacting the substrate and an electrode contact 
portion contacting an electrode of the semiconductor device, and melting 
point of the substrate contact portion is lower than that of the electrode 
contact portion. 

In a mounting process, the conductor of the lower melting point is 



- 10 - 



melted on the electrode of the substrate to provide the self- alignment 
function available from the surface tension or the Uke. Then, electrodes of 
the semiconductor device can appropriately be corrected in position. As a 
result, the semiconductor device and substrate can be mounted without 
positional deviation and the endurance to the repeated stress can be 
enhanced. 

According to another aspect of the mounting structure for mounting 
a semiconductor device of the present invention, the semiconductor device is 
connected to a substrate via a composite connection material formed of a 
core and a conductor covering the core. Preferably, the conductor of a 
thickness in a predetermined range is present between the core and an 
electrode of the substrate. Accordingly, it never occurs that the core and 
the electrode of the substrate contact each other in a mounting process. 
Further, the seK-ahgnment function of the conductor in a melted state can 
be obtained. The predetermined range of the thickness of the conductor 
between the core and the substrate electrode may be any which allows the 
melted conductor to provide the core and the semiconductor device with 
buoyancy and accordingly prevent the core from contacting the substrate 
electrode. As described above, the predetermined thickness range of the 
conductor can be achieved by using a composite connection material 
including a conductor covering a core and having a thickness in the range 
from approximately 40 |xm to 150 ^im. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
accompanjdng drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of a semiconductor device according to 
a first embodiment of the present invention. 

Fig. 2 is a cross sectional view of the semiconductor device in Fig. 1 

mounted on a substrate. 

Fig. 3A is a cross sectional view of a semiconductor device mounted 
on a substrate with composite connection materials arranged in an outer 



row of area-arrayed electrodes, and Fig. 3B is a plan view of the 
semiconductor device in Fig. 3A with the connection materials arranged. 

Fig. 4A is a cross sectional view of a semiconductor device mounted 
on a substrate with composite connection materials arranged at corners of a 
region where area-arrayed electrodes are provided, and Fig. 4B is a plan 
view of the semiconductor device in Fig. 4A with the connection materials 
arranged. 

Figs. 5A-5C illustrate a first manufacturing method of the present 
invention to form connection materials, Fig. 5A showing composite 
connection materials in cross section to be mounted on electrodes of a 
semiconductor device. Fig. 5B showing single-layer connection materials in 
cross section that are thereafter mounted on electrodes of the semiconductor 
device, and Fig. 5C showing connection materials in cross section thereafter 
heated to be melted. 

Figs. 6A-6D illustrate a second manufacturing method of the present 
invention to form connection materials, Fig. 6A showing a semiconductor 
device in cross section before connection materials are formed. Fig. 6B 
showing in cross section a solder paste underlying the connection materials 
that is applied by printing or by a dispenser, Fig. 6C showing in cross section 
connection materials to be mounted on the underljdng paste, and Fig. 6D 
showing connection materials in cross section that are heated to be melted. 

Figs. 7A-7D illustrate a third manufacturing method of the present 
invention to form connection materials, Fig. 7A showing an underlayer in 
cross section that is formed by plating. Fig. 7B showing connection materials 
in cross section that are formed on the underlayer, Fig. 7C showing the 
connection materials in cross section with conductors thereof heated to be 
melted, and Fig. 7D showing a semiconductor device in cross section placed 
on a substrate. 

Figs. 8A-8D illustrate a fourth manufacturing method of the present 
invention to form connection materials. Fig. 8A showing auxiliary 
connection parts in cross section that are formed on electrodes of a substrate, 
Fig. SB showing connection materials in cross section that are arranged on 
the auxiliary connection parts, Fig. 8C showing the connection materials in 
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cross section with conductors thereof that are heated to be melted, and Fig. 
8D showing a semiconductor device in cross section mounted on a substrate 
with the connection materials. 

Fig. 9 is a cross sectional view of a mounting structure of a 
semiconductor device formed through a method of mounting a 
semiconductor device according to a second embodiment of the present 
invention. 

Figs. lOA and lOB illustrate a method of mounting a semiconductor 
device, Fig. lOA showing in cross section auxiliary connection parts formed 
on electrodes of a substrate and Fig. lOB showing in cross section the 
semiconductor device to be mounted on the substrate. 

Fig. 1 1 illustrates a thin part of a conductor of a composite 
connection material, the thin part being caused when an auxiliary 
connection part is not melted at a temperature lower than that of the 
conductor of the composite connection material so that the self-alignment 
function is not obtained even with the melted conductor of the composite 
connection material. 

Fig. 12 illustrates that no self-alignment function is exercised when 
a connecting portion is constituted of a composite connection material only 
without auxiliary connection part and accordingly a core contacts an 
electrode of a substrate. 

Fig. 13 is a cross sectional view of a conventional mounting structure 
of a semiconductor device. 

Fig. 14 is a cross sectional view of a conventional mounting structure 
of a semiconductor device to show a crack generated in a connection material 
on the semiconductor-device side. 

Fig. 15 is a cross sectional view of a conventional mounting structure 
of a semiconductor device using a composite connection material. 

Fig. 16 is a cross sectional view of a conventional mounting structure 
of a semiconductor device using a composite connection material to show a 
crack generated therein. 

Fig. 17 is a cross sectional view of a conventional mounting structure 
of a semiconductor device using a composite connection material, where a 
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conductor covering a core has a thinner part due to absence of self -alignment 
function in a mounting process. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are now described in 

conjunction with the drawings. 
First Embodiment 

Referring to Fig. 1, electrode pads are provided on one side of a 
semiconductor device 5. On these electrode pads, single-layer connection 
materials 3 and composite connection materials 9 each formed of a core 1 
and a conductor 2 covering core 1 are arranged. In an electrode region 
where electrodes 4 are provided, composite connection materials 9 are 
arranged in an outer area (A) inside and along the perimeter of the electrode 
region while single-layer connection materials 3 are arranged in an inner 
area in the electrode region. Single-layer connection materials 3 thus 
arranged have a greater amount of conductors melted in a mounting process 
and accordingly a self-ahgnment function thereof can be expected. Single- 
layer connection materials 3 can thus be arranged in the inner area in the 
electrode region to achieve mounting with an accurate alignment. In 
addition, it is possible to prevent any crack from occurring by providing 
highly-deformable composite connection materials 9 in the outer area in the 
electrode region where a repeated stress could concentrate. 

A method of mounting a semiconductor device on a substrate or the 
Hke is described, the semiconductor device being connected accurately to 
electrodes of the substrate. Fig. 2 is a cross sectional view of a mounting 
structure in which the semiconductor device shown in Fig. 1 is connected to 
the substrate. Referring to Fig. 2, electrodes 4 of semiconductor device 5 
and electrodes 7 of substrate 6 are coupled by means of single-layer 
connection materials 3 and composite connection materials 9. Composite 
connection materials 9 each including core 1 as shown in the cross section 
are resistant enough to the stress repeatedly and concentratedly exerted 
after mounting, and accordingly, composite connection materials 9 are 
arranged in outer area A where the stress concentrates. The main 
component of the composite connection material is the core which is an 
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elastic body. Then, the diameter of core 1 considerably influences the 
height of the connection material. In addition, it is known that a greater 
height of the connection material can alleviate the influence of thermal 
strain after mounting. It is thus required to make the size of the core 
5 greater than a predetermined size. 

The self-alignment function is explained below in maf e detail. 
Single-layer connection materials (bumps) 3 arranged m/me inner area in 
the electrode region of the semiconductor device meltin a mounting process 
to serve the self- alignment function. Accordinglv/nuclei 1 covered with 
|==i. 10 melted conductor in composite connection materials 9 move to respective 
positions appropriate for stress alleviation a^er mounting. If all of the 
connection materials are composite connej^non materials, an undesirable 
state occurs as described below. Suppose here that nuclei 1 of composite 
connection materials 9 are each a resm ball with a low a low modulus of 
4'' 15 elasticity and the resin ball is covert with a conductor, which is Sn-Pb alloy. 
7_, When semiconductor device 5 h^^Ap^g these connection materials is 

M connected to substrate 6, the sjA^er amount of conductor, Sn-Pb, covering 

resin baUs 1 results in an insufScient self-ahgnment function. Then, resin 
r:l balls do not move to respective positions suitable for alleviating stress after 

H 20 mounting and accordingly, resin balls are connected as they are in the 
positionally deviated stAte. 

On the other hand, if connection materials of the semiconductor 
device are partially constttuted of single-layer connection materials 3 formed 
of Sn-Pb solder balls, for toample, the Sn-Pb solder baUs melt in a mounting 
25 process to perform the semalignment function. Accordingly, composite 
connection materials 9 move to appropriate positions. Naturally, resin 
balls 1 also move to respective positions appropriate for alleviating stress 
after mounting. As single-layer connection materials 3 are formed of Sn-Pb 
solder balls which are likely «p creep, for example, the stress exerted on the 
30 semiconductor mounting strudture after mounting can be alleviated to 

enhance the connection rehability. Instead of the Sn-Pb solder balls, solder 
balls like Pb-free solder based oii Sn and containing Bi or the like may be 
used. The Pb-free solder containing Bi or the like has a high a low modxilus 
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of elasticity so that the connecting portion of the semiconductor mounting 
structure can be reinforced. 

In a mounting structure of a semiconductor/ievice having single- 
layer connection materials 3 and composite connection materials 9 arranged 
in an area-array form, if a bending load is apphed to the mounting structure 
for example, most of the load is applied to connection materials in outer rows. 
As shown in Figs. 3A and 3B, composite^cJonnection materials 9 can be 
arranged in outer rows Ao of the area^^rray to allow the entire mounting 
structure to endure the bending lo^d. When the bending load is exerted, 
the semiconductor device witY%^miconductor chip has a high a low 
modulus of elasticity and thuiime semiconductor device is resistant to the 
bending. Consequently, opljj the substrate deforms to cause a state dose to 
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peeling. Then, an exce^^ive force is exerted on the outside of the mounting 
structure of the semiconductor device. For connection materials between 
the semiconductor d^ce and the substrate, upper pads (electrodes) and 
lower pads (electrodes) are separated from each other so that the state of 
stress is like the^ensile stress state. Then, elastic bodies with a low a low 
modulus of eh6ticity such as resin balls are included in the connection 
materials t</alleviate the stress on the connecting portion by means of the 
resin ball/ The mounting structure can thus resist bending. 

When a heat cycle test is conducted, a distortion with characteristics 
as described below occurs in the connecting portion of the mounting 
structure of the semiconductor device. Specifically, when there is no 
distortion in the central part of the semiconductor device, the greatest 
distortion of the connecting portion occurs near corners furthermost from the 
center. As shown in Figs. 4A and 4B, composite connection materials 9 can 
be arranged at comers B to alleviate any stress exerted on the connecting 
portion after mounting. 

According to the embodiment above, the composite connection 
materials are arranged at locations where the distortion is most likely to 
occur. Then, a mounting structure of a semiconductor device can be 
achieved capable of preventing cracks from occurring, ensuring connection 
reliabihty and resistant to the repeated stress. 
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In order to stren^hen the connecting portion in the mounting 
structure of the semiconductor device, approximately 10 % or higher of 
connection materials can be composite connection materials on the area 
array so that the strength of the connecting portion is increased. On the 
other hand, approximately 10 % or higher of connection materials can be 
single-layer connection materials on the area array so that a sufficient self- 
alignment function can be ensured. For example, for 08CSP48, five 
composite connection materials corresponding in number to 10 % of the 
entire connection materials (bumps) are used, one composite connection 
material at each corner, and remaining connection materials are single- 
layer connection materials. In this way, the self- alignment function of the 
single-layer connection materials can be utiHzed for connection with an 
accurate alignment. In addition, the composite connection materials 
arranged at corners provide endurance to the repeated stress after mounting. 
Alternatively, the ratio between the composite connection materials and 
single-layer connection materials can be reversed. Specifically, five single- 
layer connection materials corresponding in number to 10 % of the entire 
connection materials are used, the five single-layer connection materials 
arranged on the central part of the area array, in order to achieve a similar 
advantage. In other words, the self-alignment function chiefly of the 
single-layer connection materials can be utilized for connection with an 
accurate alignment, and the repeated stress after mounting can be 
addressed by the outer composite connection materials to prevent cracks 
from occurring. 

First to fourth methods are described below of manufacturing a 
semiconductor device with connection materials constituted of single-layer 
and composite connection materials. 

(First Manufacturing Method of the Present Invention) 
By means of a solder ball mounting apparatus 8 for example, 
composite solder balls 9 which are composite connection materials as well as 
solder balls 3 which are single-layer connection materials 3 are mounted on 
electrodes 4 of a semiconductor device 5 (Figs. 5A and 5B). Then, as shown 
in Fig. 5C, these balls are melted to form external electrodes (connection 
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materials) shown in Fig. 1. The solder balls may be mounted by 
transferring solder paste or flux to solder balls to be mounted (transfer 
method) or by simply sucking solder baUs by ball heads to mount the solder 
balls. 

(Second Manufacturing Method of the Present Invention) 
Solder paste 11 is appHed to electrodes 4 of a semiconductor device 5 
shown in Fig. 6A by printing or by means of a dispenser (Fig. 6B). A metal 
film (not shown) is vapor- deposited thereon to a thickness of several |im. 
Then, as shown in Fig, 6C, a predetermined number of plated resin balls 
corresponding to composite connection materials 9 and a predetermined 
number of solder balls corresponding to single-layer connection materials 3 
and having the same size as that of the resin balls are mounted. As shown 
in Fig. 6D, these baUs are thereafter heated to melt and accordingly form 
external electrodes (connection materials) shown in Fig. 1. The metal film 
may be vapor-deposited by sputtering or the like. The metal may be any 
which allows itself to wet a metal such as Al, TiW, Au, and Ni. 

(Third Manufacturing Method of the Present Invention) 
Referring to Fig. 7A, electrodes of a semiconductor device are plated 
with solder, and a metal film (not shown) is vapor-deposited thereon to a 
thickness of several |j.m. Then, as shown in Fig. 7B, a predetermined 
number of plated resin balls corresponding to composite connection 
materials 9 as weU as a predetermined number of solder balls corresponding 
to single-layer connection materials 3 and having the same size as that of 
the resin balls are mounted. As shown in Fig. 7C, resin and solder balls are 
heated to melt and accordingly form external electrodes (connection 
materials) shown in Fig, 1. As shown in Fig. 7D, external electrodes of the 
semiconductor device are mounted on a substrate 6 for mounting the 
semiconductor device. 

(Fourth Manufacturing Method of the Present Invention) 
Referring to Fig. 8 A, solder paste is applied to electrodes 7 of a 
substrate 6 by printing or by means of a dispenser to form auxiliary 
connection parts 12 (Fig. 8B). On the metal film, a predetermined number 
of resin balls corresponding to composite connection materials 9 as weU as a 
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predetermined number of solder balls corresponding to single-layer 
connection materials 3 and having the same size as that of the resin balls 
are mounted. After this, they are heated to melt as shown in Fig. 8C. 
Then, as shown in Fig. 8D, a semiconductor device 5 is mounted on and 
connected to the substrate. 

The semiconductor device manxifactured according to the first to 
fourth methods of the present invention as described above is mounted on a 
substrate, heating and melting processes are carried out, and thus the 
mounting structure as shown in Fig. 2 is completed. 

Second Embodiment 

Fig. 9 is a cross sectional view of a mounting structure after a 
semiconductor device is mounted by a method according to a second 
embodiment of the present invention. According to the second embodiment, 
all connection materials constituting external electrodes are composite 
connection materials 9, and accurate positional matching between electrodes 
4 of a semiconductor device 5 and electrodes 7 of a substrate 6 is achieved by 
the self-alignment function by using the mounting method as detailed 
below. 

Referring to Figs. lOA and lOB, according to the second embodiment, 
auxiliary connection parts 12 made of conductor with a low melting-point 
are formed in advance on electrodes 7 of substrate 6. Auxihary connection 
parts 12 are heated for melting them in a mounting process, so that the 
surface tension of the melted connection parts provides the self-alignment 
function. The low melting-point conductor forming auxiliary connection 
parts 12 may be of paste or may be formed by plating of a land portion. 
When electrodes 4 of semiconductor device 5 and electrodes 7 of substrate 6 
are connected, auxiliary connection parts 12 and conductors 2 of connection 
materials wet each other. At this time, the self-ahgnment function is 
exerted, connection is made, and electrical conduction is accordingly 
ensured. 

When the temperature is raised in the mounting process, the low 
melting-point conductor forming auxiliary connection parts 12 must be 
melted simultaneously with or earher than melting of conductor 2 forming 
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the surface layer of the composite connection material for a reason explained 
below. Specifically, if conductor 2 covering a core 1 of the composite 
connection material is melted earlier, melted conductor 2 wets and extends 
over auxiliary connection part 12 and electrode 7 of substrate 6 as shown in 
Fig. 11. Consequently, melted conductor 2 covering core 1 becomes 
partially thin. Even if auxihary connection part 12 is thereafter melted to 
serve the self- alignment function, the nonuniform thickness of conductor 2 
covering core 1 is not preferable in terms of the connection rehability. 
When the temperature is raised for mounting semiconductor device 5 on 
substrate 6, there is a temperature distribution of composite connection 
materials on electrodes of the semiconductor device. The melting point of 
the low melting-point conductor forming the auxiliary connection parts, at 
the time of melting of conductor 2 forming the surface layer of the composite 
connection materials, is set lower than the lowest temperature of the 
conductor of the composite connection materials, in order to obtain the self- 
alignment function. Referring to Fig. 11, it is noted that short circuit for 
example between electrodes of the semiconductor device is prevented by a 
protection film 25 and short circuit for example between electrodes of the 
substrate is prevented by a protection film 26. 

In the mounting process, as auxiliary connection parts are provided, 
the melted auxiliary connection parts and conductor of the composite 
connection materials are present in the gap between the nuclei of the 
composite connection materials and the electrodes of the substrate. The 
surface tension of the melted auxiliary connection parts and conductor 
allows the nuclei to move to any position which makes it possible to alleviate 
stress. As shown in Fig. 12, when the own weights of the semiconductor 
device and nuclei cause nuclei to contact the substrate, the nuclei cannot 
move to the position providing the stress alleviation even by the surface 
tension and consequently, the conductor covering the nuclei becomes 
partially thin. 

The auxiliary connection parts of solder paste for example may be 
formed by screen printing, by means of a dispenser, by plating or the hke. 
Electroplating may be employed if a land portion (electrode of the substrate) 
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is plated for forming the auxiliary connection part. For example, the 
auxiliary connection parts may be made of Pb-free solder based on Sn such 
as Sn-Ag-Cu. The self- alignment function can be exercised in the mounting 
process by forming the auxiliary connection parts made of such a conducting 
5 material. In addition, the nuclei in the composite connection materials 
serve to provide a mounting structure of a semiconductor device with a 
connecting portion which is strong and capable of alleviating stress. The 
thickness of the conductor of the composite connection materials can be 
increased so that the melted conductor in the mounting process can 
M 10 sxifficiently wet the electrodes of the substrate. 

«: When no auxiliary connection part is employed and the thickness of 

=p= the conductor of the composite connection materials is increased, the 

conductor is melted through heating in the mounting process so that the 
p melted conductor is present between the nuclei and electrodes of the 

"^^ 15 substrate to serve the self-ahgnment function. Accordingly, the nuclei can 

move to any position which can provide the stress alleviation. As shown in 
^ Fig. 12, if the own weights of semiconductor device 5 and nuclei 1 cause 

fJi nuclei 1 to contact the substrate (the region indicated by C in Fig. 12), the 

t5 surface tension of melted conductor 2 causes the layer covering the nuclei to 

"^'^ 20 become partially thin and cannot allow the nuclei to move to the position 

which can provide the stress alleviation. 

Although the present invention has been described and illustrated in 

detail, it is clearly understood that the same is by way of illustration and 

example only and is not to be taken by way of limitation, the spirit and scope 
25 of the present invention being limited only by the terms of the appended 

claims. 
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